The analysis and evaluation of industrial clusters' competitiveness is a crucial research subject in industrial cluster theories. With the ever-internationalized economic competition and the ever-rising status of industrial clusters in such competition, this subject is becoming even more and more important with each day going on. The key point to the research of such a subject is to design a scientific and reasonable evaluation method. In this paper, an approach of fuzzy mathematics is used to quantify the qualitative indexes. By combining qualitative evaluation with quantitative evaluation, this paper tries to propose a fuzzy comprehensive evaluation method with relatively strong operability to analyze industrial clusters' competitiveness.
INTRODUCTION
Industrial clusters are also known as enterprise clusters in industrial districts, which refer to the collection of enterprises and institutions of the same kind or in related industries that gather together in a particular geographic location and stay in close connection with one another. Industrial clusters carry multiple characteristics, including the regional characteristic, the professional characteristic, the network characteristic, the embedded characteristic and the learning characteristic. The regional characteristic means that different enterprises aggregate in a geographical space, which is the most superficial characteristic and also the foundation of all the advantages of industrial clusters. The professional characteristic of industrial clusters suggests that industrial clusters are not the simple adjacency on distance of enterprises that have no relation with one another, but are the gathering of enterprises whose products are internally related because of their professional properties. The network characteristic of industrial clusters is manifested in the close interaction among all the economic entities that forms an intangible semi-formal cooperation network. The embedded characteristic of industrial clusters is reflected in the stable relationship of mutual dependence among the internal enterprises within the industrial clusters and the connection between enterprises and the local organizations and personnel. The position of an enterprise in an industrial cluster is like a tree deeply rooted in the ground, which is not easy to transplant and migrate. The learning characteristic of industrial clusters is about the learning field created in the district where enterprises cluster. Driven by the competition of enterprises, there exist strong learning pressure and motivation among one another [1] . With the development of the economy and the intensification of competitions, the traditional comparative advantage mode is transforming into a competitive advantage mode, which is embodied in the following four aspects: first, the reduction of cost, namely, under the large scale effect of industrial clusters, the cost of transaction is reduced; second, the improvement of the production efficiency and the ability to react quickly; third, the enhancement of the market power; fourth, the strengthening of the innovation ability [2] . As a result, industrial clusters are becoming a more and more powerful means to enhance the regional economic competitiveness, which have aroused great attention from all the local governments. In addition, they play a significant role in regional competitions. The evaluation of industrial clusters' competitiveness has also become an efficient approach for different regions to improve their policy mechanism and to promote the development of these industrial clusters. By taking the evaluation of industrial clusters' competitiveness as the research object, this paper tries to establish an evaluation approach that combines qualitative and quantitative analysis.
Evaluation Index System of Industrial Clusters' Competitiveness
It is a crucial fundamental work in the theories about industrial clusters' international competitiveness to establish a scientific and reasonable evaluation index system for evaluating industrial clusters' international competitiveness, as well as to design a scientific and objective evaluation model accordingly. Through the evaluation about industrial clusters' international competitiveness of a country, we can find out the defects and deficiencies of those industrial clusters. In this way, we can promote the sound establishment and improvement of a country's industrial clusters and enhance the international competitiveness of these industrial clusters, so as to effectively reduce or eliminate their vulnerability and advance the healthy and fast development of the entity economy.
Currently, there is no systematic algorithm to the research of the evaluation approaches to industrial clusters' international competitiveness. As the research object of the evaluation of industrial clusters' competitiveness is a complicated gigantic system which contains various factors on multiple levels and in many aspects. Among these factors, there are not only fixed quantitative indexes, but also flexible indexes with qualitative description. It is a very difficult work as to how to design a mathematical modeled algorithm that combines qualitative and quantitative analysis and that integrates the evaluation results of all the indexes. This paper attempts to use a fuzzy comprehensive evaluation theory to establish a comprehensive evaluation model of industrial clusters' competitiveness on multiple levels.
Potter is the first one to analyze industry clusters' competitiveness from the perspective of specification. He proposed in his diamond model theory that industrial clusters' competitiveness mainly depends on four interrelated factors, namely, the strategy, structure and competitors of enterprises; the demand situation; the relevant supporting industries and the condition of the factors. Nevertheless, Pietrobelli in 1988 suggested that industry clusters' competitiveness is influenced by the following six factors: the human capital and technical proficiency; to what a degree is an enterprise operated by the family; the relevant systems and institutions; the culture of entrepreneurship; the ability for the local regions to provide real estate and capital; and the cooperation habit among enterprises. In specific, they are divided into 14 indexes: the human capital and technical skills: the amount of people who receive elementary education/the total population of the region, the amount of people who receive intermediate education/ the total population of the region, the amount of people who receive higher education/ the total population of the region, the amount of people who receive vocational and technical education/the total population of the region, the amount of people who start their own businesses/the total labor force; The family enterprise performance: employees of the family enterprise/the total labor force, the performance indicator; entrepreneurs: the amount of experts among entrepreneurs/the total labor force; The serving condition of real estate and capital: the amount of people who work in financial organizations/the total labor force, the amount of people who work in the field of real estate services/the total labor force, the population of entrepreneurs in the service industry and specialized management staff/the total labor force; The relationship between different organizations: the average enterprise scale and the amount of enterprises in the industrial district [3] . Based on the diamond model proposed by Potter, in 1998, Padmore and Gibson selected six evaluation indexes and established the GEM model to evaluate the high or low status of industry clusters' competitiveness, which contains resources including natural resources, labor resources and capital resources; infrastructure including public infrastructure like highways, pipelines, communication facilities, organization facilities like higher educational institutions and scientific research institutions; suppliers and relevant industries; the structure, strategies and competitiveness of an enterprise; local markets: the scale, share and growth rate of the local markets that are close to the degree of external markets [4] . However, in 2001, Feser suggested that Potter's diamond model did not consider enough about the dynamic factors of industrial clusters' competitiveness.
Comparatively, he proposed to analyze and evaluate industrial clusters' competitiveness from the three angles of life cycle, geography and the relationship of connection. Later on, in 2003, Mitra suggested that the condition of industrial clusters' competitiveness should be evaluated from the following 11 aspects, including the scope, density, breadth, depth, activities, range, leadership ability, development stages, techniques, innovation ability and the property right structure of the region. With the development of the statistical work of industrial clusters, based on Potter's theoretical foundation about industrial clusters' competitiveness, the Research Institute for Strategy and Competitiveness of Harvard University in the United States proposed that industrial clusters' competitiveness should be evaluated and compared from various statistical indexes, including the industrial cluster's scale, labor productivity, amount of exports, earnings, its economic contribution rate, the total number of employees, the growth rate of employees, their average salary, the average patent amount, the created employment opportunities, etc [5] . The indexes for industrial clusters' competitiveness proposed by Zhao Qiang, MengYue and Wang Chunhui are relatively complicated, which can be divided into 11 first-level indexes and 42 second-level indexes, including the industrial cluster's scale: the number of enterprises, the total industrial output value, the total employed personnel by the end of the year and the total assets created by the end of the year; The economic benefit of the industrial clusters: the overall labor productivity of the whole personnel, the net income, the industrial growth rate and the total earnings of foreign exchange through exports; The industrial cluster's facilities: the investment on industrial infrastructure, the degree of soundness of life infrastructure and the attraction of living conditions; The industrial cluster market: the brand popularity, the market share of the leading products and the total number of the sales and service personnel; The resistance to cluster risks: risk resistance resources and the risk resistance mechanism; Learning ability: the proportion of technology transfer funds used for digestion and absorption, the per capita ownership of library books, the construction level of the regional public database, and the proportion of enterprises that have built an internal network to the total number of all the enterprises; Innovation: the R&D personnel proportion, the proportion of R&D expenditure, the patent license number, the conversion rate of scientific and technological achievements, the number of college scientific research institutes, and the spirit of entrepreneurship; Innovation environment: the supporting degree of economic policies to innovation, the supporting degree of laws and regulations to innovation, the broad degree of financing channels, and the incentive degree of consumption ideas on innovation; Credit and cooperation: the sound degree of the credit guarantee system, the mature degree of the cluster network, team cooperation spirit, and the industry reputation; Legal norms: the degree of protection for intellectual property rights, the sound degree of the legal environment, the reasonable degree of the legal environment, and the transparent degree of government decisions; Social culture: the local traditional culture, the corporate culture, the ratio of the talent flow, and the sound degree of the social security system [1] .
To sum up, based on the characteristics of the development of the Internet and the characteristics of industrial clusters, we can build an evaluation index system as the following table 1. 
A Fuzzy Comprehensive Evaluation Model for Industrial Clusters' Competitiveness
The industrial clusters' competitiveness is a relatively subjective concept. To make an artificial and quantitative evaluation of its high or low status, we must take the means of certain mathematical methods to quantify the subjective and fuzzy indexes. Given such thoughts, a suitable fuzzy comprehensive evaluation method is a proposed in this paper.
1. The determination of each index's score. According to the evaluation index system of industrial clusters' international competitiveness built in the previous text, the evaluation of the overall satisfaction can be divided into two layers, and the statistics of the fuzzy matrix of the first layer indexes are as follows (table 2). According to experience, we can determine a proper score for the five evaluation levels. If we use j v to represent the corresponding score on the level j, it can be manifested as below:
From the above formula we can get: 
The calculation process can be interpreted as the following table: For convenience, the weight number of the first-level indexes can be the sum of the weight number of the second-level indexes it contains.
3. Calculation of the indexes. After we have the score and the weight number of the indexes at all levels, we can calculate the index of a certain goal by using the weighted arithmetic average method, with the formula as follows:
Analysis of the Evaluation Results of Industrial Clusters' Competitiveness
The ultimate goal of industrial clusters' competitiveness evaluation is to analyze the important degree of the influence factors of industrial clusters' competitiveness, and the influence degree. We can fill each index into chart 1 according to their evaluation result to conduct analysis. This approach can intuitively tell us which indexes of competitiveness need improvement and which indexes are in an advantageous state. Based on the evaluation of the importance and levels of the factors that influence industrial clusters' competitiveness, we will be able to distinguish the four types of factors: the first type is factors in urgent need of improvement, which are important to improve competitiveness as they have relatively low scores during the evaluation; The second type is the maintaining factors, which are also important to improve competitiveness, and their evaluation scores are higher; The third type is the un-dominant factors, which are not very important to competitiveness and their evaluation scores are also relatively lower; The fourth type is the index factors that are not very important to competitiveness, but they have relatively high evaluation scores. According to the factor importance model, we can find out the goals that are in need of improvement. What we need to do next is to set a satisfactory target and clarify the improvement direction of industrial clusters' competitiveness, as well as examine the goals that have been set, so as to promote and improve industrial clusters' competitiveness.
CONCLUSION
By using the principles of the fuzzy comprehensive evaluation, this paper discusses the evaluation of industrial clusters' competitiveness. The evaluation results are summarized by a collection of subordinating degree and a comprehensive subordinating degree. In this way, we could not only analyze the indexes that influence industrial clusters' competitiveness, but also make a horizontal comparison of the evaluation results, which can reflect the general characteristics of industrial clusters' competitiveness and also reflect the individual characteristics of each index. Such evaluation results are less influenced by the experts' subjective judgments, but 
